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Background: To evaluate the clinical efﬁcacy and histochemical impact of a new technique of renal repair
using a ﬁbrin sealant and Dexon mesh in rats.
Methods: Ten groups of SpragueeDawley (SD) rats underwent a bilateral partial nephrectomy 30, 21, 14,
7 to 1 days before sacriﬁce. Renal repair was accomplished by suturing on one side and using ﬁbrin
sealant and Dexon mesh on the opposite side. The time for renal reconstruction was recorded for each
approach and compared. In addition to histological evaluations, the isolated renal tissue studies included
immunohistochemical analysis, and semi-quantitative reverse transcription-polymerase chain reaction
(RT-PCR).
Results: In comparison with suturing, renal repair using ﬁbrin sealant and Dexon mesh was much faster.
We demonstrated a signiﬁcant attenuation of the initial inﬂammatory response in the ﬁbrineDexon
group. The speciﬁc alterations in transforming growth factor-b1 (Tgf-b1) mRNA expression were
signiﬁcantly lower in the ﬁbrineDexon group.
Conclusions: The ﬁbrin sealant and Dexon mesh signiﬁcantly simpliﬁed the procedure by reducing the
time of renal reconstruction. This approach can diminish the ﬁbrotic reaction and offers a response for
renal repair similar to the suturing technique.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Partial nephrectomy is becoming more frequently used in the
treatment of renal tumors because of the broad employment of
screening image modalities. Some experts have developed robotic
or laparoscopic partial nephrectomy approaches, which have been
gradually accepted in the past decade [1,2]. However, hemostasis
and renal tissue repair are limitations to this approach, and
improved techniques to control bleeding and renal reconstruction
are imperative before these procedures can become routinely used.
Several types of energy sources and medical devices have been
used to achieve satisfactory hemostasis during laparoscopic partial
nephrectomy [3e6]. These include the use of lasers, radio
frequency-mediated ablation, argon-beam coagulation, hydro-jet
dissection, cable-ties and ﬁbrin sealants. Apart from controlling
bleeding, little advancement has been made for laparoscopic renal
repair. The suturing technique remains as the all-purpose and mostciates Ltd. Published by Elsevier Ltreliable method for renal reconstruction [7], although the learning
curve of laparoscopy is arduous. A ﬁbrin sealant has been suc-
cessfully used for hemostasis in various types of surgery [8], but few
articles have discussed this application in tissue reconstruction and
its biological impact on ﬁbrotic reactions during renal healing. The
sealant mimics physiological blood clot formation and essentially
functions with a prompt reaction that involves the conversion of
ﬁbrinogen by thrombin in their mixture. In addition to hemostasis,
the ﬁbrin clot and its cleavage products have regulatory effects on
tissue healing during the injury-induced inﬂammatory processes
[9]. Tgf-b1 is probably the most characterized of all ﬁbrosis-
associated cytokines for mediating tissue repair because it plays
an important role in modulating the deposition of extra-cellular
matrix proteins, which occurs during the initiation of ﬁbrosis [10].
Using an in vivo murine partial nephrectomy model, we
developed a new technique for renal repair using a ﬁbrin sealant
with the aid of a Dexon mesh; however, little is known about the
efﬁcacy and histochemical effects of this approach. Therefore, we
evaluated the simplicity of this approach and the histochemical
processes in renal healing between using a ﬁbrin sealant withd. All rights reserved.
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improve the reconstructive and hemostatic materials for imple-
mentation in future laparoscopic partial nephrectomies.
2. Methods
2.1. Animals
Adult female SD rats (weight approximately 300 g) were pur-
chased from the national laboratory animal center and were
housed in a regular facility maintained by the institutional labo-
ratory animal care at Changhua Christian Hospital with approval by
the ethics committee. The rats were divided into ten groups as
follows: the 1st to 7th, 14th, 21st and 30th groups (Fig. 1). For
example, assignment to the 30th group indicated that these rats
had received an operation 30 days before they were sacriﬁced.
Accordingly, the rats of the 21st, 14th, 7th to 1st groups received
operations on the 21, 14, 7 to 1 days before sacriﬁce. Three rats from
each group were used to determine Tgf-b1 mRNA expression in
renal scar tissue (n ¼ 3). Another rat that underwent the same
procedure was added in the 3rd, 7th, 14th, 21st and 30th groups for
histological and immunohistochemical evaluation. All rats were
sacriﬁced on the same day.
2.2. Partial nephrectomy and renal repair
The rats were anesthetized with intraperitoneal injections of
Ketamine (50 mg/kg) and Xylazine (5 mg/kg). Partial nephrectomy
was performed over the lower pole through wedge resection, at a
resection angle of about 45 and depth of 6e7 mm, followed byFig. 1. Study design. N: number of SD rats th
Fig. 2. a. Gross appearance shows the left side kidney of a SD rat repaired with two stitches
(the right side is shown) was repaired using a piece of Dexon mesh covering the approximate
the Dexon mesh to form a stable adhesion and maintain the reconstructed shape of kidneyimmediate renal repair. Entrance into the collecting system was
conﬁrmed by postoperative hematuria. Renal vascular control was
unnecessary. In the same rat, renal repair was accomplished by
suturing on one side and using ﬁbrin sealant with Dexon mesh on
the opposite side, which was determined randomly. Two stitches of
4e0 Vicryl suture without bolster were used in the suturing group.
In the ﬁbrineDexon group, we used a piece of Dexonmesh, tailored
to 515mm, to cover the approximated edges of awedge-resected
kidney. Subsequently, Beriplast P (Aventis Behring GmbH) ﬁbrin
sealant was injected between the cut edges and under the Dexon
mesh to form a stable adhesion and to maintain the reconstructed
shape of kidney, as in the sutured group (Fig. 2). The renal recon-
struction time was recorded for each rat and compared. The whole
procedure was performed by one operator (P.F.W.).
2.3. Histological evaluation
Whole kidney specimens were collected from the 3rd, 7th, 14th,
21st and 30th groups, ﬁxed in 10% buffered formalin, embedded in
parafﬁn, and included both renal reconstructions. Parafﬁn tissue
sections (4 mm) were obtained and dried overnight at 37 C. After
dewaxing, these sections were stained with hematoxylin and eosin,
and each slide was independently interpreted using a light micro-
scope by two pathologists.
2.4. Immunohistochemical evaluation
The preparation of deparafﬁnized sections was described in the
section on the histological evaluation. Sections of rat kidney tissues
were placed in 0.01 M citrate buffer (pH 6.0) and then twice heatedat received an operation in each group.
of 4-0 Vicryl suture without bolster after partial nephrectomy; b. The opposing kidney
d edges of a wedge-resected kidney and ﬁbrin sealant between the cut edges and under
.
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rabbit anti-Tgf-b1 polyclonal antibody (Santa Cruz Biotechnology,
Inc.) for 60 min at room temperature and streptavidin poly-HRP
conjugation using the Picture-Plus Kit (Zymed laboratories Inc.),
signals were developed with 3, 30-diaminobenzidine for 5 min and
counter-stained with hematoxylin. Negative controls were ob-
tained in the absence of the primary antibody. The results were
evaluated by two pathology specialists independently.2.5. RNA extraction, RT-PCR and semi-quantitation
Fresh kidney samples and scar tissues from different treatments
(1st to 7th, 14th, 21st and 30th groups) were immediately frozen in
liquid nitrogen and stored at 80 C until use. Total RNA was
extracted from the tissues using TRIzol reagent according to the
manufacturer’s recommendations. Rat Tgf-b1 and b-actin cDNA in
renal scar tissuewere ampliﬁed by PCR using speciﬁc primers pairs:
Tgf-b1 sense 50-CCGACCCTTCCTGCTCCTC-30 and anti-sense 50-
GACGATGGGCAGTGGCTCC-30. The cycling proﬁle was as follows:
denaturing at 94 C for 30 s, annealing at 59 C for 40 s, and
extension at 72 C for 1 min with 30 cycles. The intensity of the
signal of each group was quantiﬁed using the integrated density
value and was normalized against b-actin.2.6. Statistical analysis
The renal reconstruction times were compared using a one-way
ANOVA. The expression of Tgf-b1mRNA in all groups of renal repair,
in terms of integrating density value ratio (Tgf-b1/b-actin), was
compared using the ManneWhitney U test. The SPSS software
package, version 13.0, was used (SPSS Taiwan Corp.), and p < 0.05
was considered to be the threshold for statistical signiﬁcance.Fig. 3. Histological manifestations in the acute stage of wound healing (3 days after renal re
hemostasis with less hematoma; c. The suture group (H&E 400) showed more inﬂammat3. Results
All rats comfortably tolerated the anesthesia, the partial ne-
phrectomy and the renal repair. The rats recovered well, and no
death was noted during the operations. All kidney specimens were
harvested after the rats were euthanatized with pure CO2 on the
same day. Neither hematomas nor urinomas were encountered at
the ﬁnal examination.
3.1. Time of renal reconstruction
In all, 35 kidneys underwent renal reconstruction with ﬁbrine
Dexon, and 35 kidneys underwent suturing repair. The average
time of the ﬁbrineDexon and suturing repair methods was
27.2 8.5 s (range from 13 to 50 s) and 114.3 21.9 s (range from 87
to 160 s), respectively. The ﬁbrin sealant and Dexon mesh signiﬁ-
cantly reduced the time of renal reconstruction (p < 0.0001).
3.2. Histological evaluation
The acute stage (0e3 days): In the ﬁbrineDexon group, the re-
sults showed improved hemostasis with less hematoma on the 3rd
day (Fig. 3). On the 3rd day, more inﬂammatory cells, including
macrophages and neutrophils, inﬁltrated the wound in the sutured
group (Fig. 3). The acute inﬂammatory response was attenuated in
the ﬁbrineDexon group. Additionally, islands of ﬁbroblast cells
were observed in the ﬁbrin-ﬁlled space, and a good integration of
ﬁbrin sealant and renal tissue was revealed, which showed that
ﬁbrin can serve as a good scaffold for ﬁbroblast and epithelial
differentiation.
The sub-acute stage (7e30 days): On the 7th day, we found little
residual ﬁbrin, which vanished completely on the 14th day, but the
suture material persisted for at least more than 21 days (Fig. 4). A
small amount of scar formationwas noted on the 14th and 21st daypair): a. Suture group (H&E 40); b. The ﬁbrineDexon group (H&E 40) showed better
ory cells; d. FibrineDexon group (H&E 400).
Fig. 4. Histological manifestations in the sub-acute stage of wound healing: less scar formation (aed) and more new renal tubules formation (eef) in the ﬁbrineDexon group. a. 14
days after renal repair, suture group (H&E 40); b. 14 days after repair, the ﬁbrineDexon group (H&E 40); c. 21 days after repair, the suture material (arrow) persisted (H&E 100);
b. 21 days after repair, ﬁbrineDexon group (H&E 100); e. 21 days after repair, sutured group (H&E 400); f. 21 days after repair, the ﬁbrineDexon group (H&E 400).
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operationwoundwas observed on the 21st day in the ﬁbrineDexon
group (Fig. 4). There was no other major discrepancy between the
two groups on the 21st and 30th days since the healing process had
been deﬁnitively completed.
3.3. Tgf-b1 expression in renal scar tissue
In RT-PCR and semi-quantitation, Tgf-b1 mRNA expression of
renal scar tissue was higher in the suturing group than in the
ﬁbrineDexon group (p ¼ 0.042) (Fig. 5). Immunohistochemical
analysis demonstrated that Tgf-b1 staining was found to a lesser
extent in the ﬁbrineDexon group (Fig. 6).
4. Discussion
Fibrin sealant has been popularized by many investigators for
use in laparoscopic partial nephrectomy procedures [11e14], and
its beneﬁcial effects have been conﬁrmed and widely accepted.
However, ﬁbrin sealant has been mostly regarded previously as a
hemostatic agent [15] rather than as a renal reconstruction tool,and therefore, Dexon or Vicryl was adopted earlier for repairing
renal trauma. Schoenenberger et al. successfully developed a
resorbable alloplastic capsule, made with a Vicryl net, to repair a
kidney following simulated blunt force injury [16]. Viable renal
parenchymal fragments could be restored, and more renal tissue
was preserved by sparing the scar formation associated with
through-and-through sutures. Morey et al. ﬁrst demonstrated the
stability of ﬁbrin sealing in the kidney collecting system and the
reliability of hemostasis of an absorbable ﬁbrin adhesive bandage
(AFAB) in a porcine partial nephrectomy model [17]. AFAB is a
VicrylTM-based bandage with a concentrated mixture of lyophi-
lized ﬁbrinogen and thrombin. A combination of these materials
appears to be more efﬁcient than using ﬁbrin sealant or Vicryl
mesh alone.
In our study, hemostasis was achieved not only simply by the
coagulation ability of the ﬁbrin sealant but also by the compression
forces that resulted from the approximation of the renal edges.
Using this method, the effects of both ﬁbrin sealant and Dexon
mesh were enhanced synergistically. Similar to the Vicryl suture
or mesh, the Dexon mesh was not completely digested one month
affect examination and was clearly stable on the renal surface after
Fig. 5. Top: RT-PCR and semi-quantitation showed stronger Tgf-b1mRNA expression in
suture group than ﬁbrineDexon group; 1e7: day; Bottom: Statistical scheme of
normalized Tgf-b1 mRNA to b-actin (p ¼ 0.042, ManneWhitney U test); S: sutured
group; F: ﬁbrineDexon group.
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similar capability to assist tissue healing as the suturing approach.
The clinical efﬁcacy of ﬁbrin sealant aided with Dexon mesh for
renal repair in the murine partial nephrectomy model was
conﬁrmed by amarkedly shortened procedure time compared with
suturing and reliable support of renal healing. Renal tissue repair
with ﬁbrin also showed improved regeneration ability and good
integration between the ﬁbrin sealant and renal tissue. The evi-
dence supporting ﬁbrin’s function as a good scaffold for ﬁbroblast
and epithelial differentiation may lead to further research about
ﬁbrin’s effect on the epithelial to mesenchymal transition (EMT).
EMT is currently proposed to be a major source of ﬁbroblasts
transformed from renal tubular epithelial cells and plays an
important role in interstitial ﬁbrogenesis [18], and EMT might be
inﬂuenced by the acute inﬂammatory response attenuated by
ﬁbrin.
Tissue plasmin-mediated ﬁbrinolysis is inhibited by aprotinin.
Our study indicated that ﬁbrin sealant may require more than 7
days to stabilize. Furthermore, this material maintained a blood clot
longer than usual and allowed the completion of the early immuneFig. 6. Immunohistochemical staining of Tgf-b1 3 days after renal repair: a. Stronger staini
group (original magniﬁcation 400).and inﬂammatory responses. Additionally, macrophages were
more frequently observed in the early repair period of sutured
renal tissue. These results indicate that different immune responses
were activated at different time points and might explain why
there were different Tgf-b1 levels in the two examined groups. As
in blood clots, the ﬁbrin sealant facilitates cell migration through a
ﬁbronectin binding process. Fibronectin is one of the matrix ad-
hesive glycoproteins that contain multiple binding sites for various
macromolecules and that interact with surface receptors of various
cells, such as ﬁbroblasts, phagocytes and bacteria [19]. Fibrin
sealant can therefore serve as an improved site for tissue regen-
eration during subsequent tissue healing compared with a blood
clot.
Gill et al. suggested that open partial nephrectomy (OPN) is the
reference standard for nephron-sparing surgery against which all
minimally invasive nephron-sparing surgery techniques should be
measured [20]. To maintain the quality of OPN, duplicating open
surgical techniques has been strongly emphasized in performing
laparoscopic partial nephrectomies [7]. In addition to hemostasis,
laparoscopic renal repair should be the most difﬁcult part causing
the perplexity. The task of renal reconstruction was omitted pur-
posely to simplify the processes by most investigators only if he-
mostasis could be achieved [15,17]. Thus, apprehension regarding
re-bleeding or urinary leakage from the fragmentary renal surface
would exist at all time points because such responses are not
acceptable for OPN. New renal repair techniques (such as the
polymer self-locking clip and the self-retaining barbed suture) to
decrease operation times were reported [21,22]. In our study, renal
repair with a ﬁbrin sealant and Dexon mesh decreased the opera-
tion time and scar formation in the renal parenchyma and served as
an effective tool for renal repair with the aid of Dexon mesh for the
partial nephrectomy procedure. This renal reconstruction approach
can not only simplify the processes but also imitate the suturing
counterpart. With certain technical adjustments, we believed that
this ﬁbrin sealant technique could be skillfully implemented in
open, laparoscopic or robotic partial nephrectomies.
We were not able to demonstrate the difference in ﬁbrotic
processes between our two study groups by measuring other
ﬁbrosis-associated cytokines, such as matrix metalloproteinase
(MMPs) and a-smooth muscle actin (a-SMA). No difference in ﬁnal
ﬁbrosis between renal repair by ﬁbrineDexon and suturing was
observed. Unlike renal ﬁbrogenesis in animal models of diabetic
nephropathy or unilateral ureteral obstruction [18], manipulation
by partial nephrectomy with renal repair only induced a localized
wound healing reaction and ﬁbrosis rather than a generalized
response. The residual renal tissue, with normal remodeling ability,
would apparently demonstrate similar ﬁbrotic results. However,
the ﬁbrotic response of renal healing was reduced in the ﬁbrine
Dexon group, as the expression of Tgf-b1 mRNA was lower.
Whether this result is due to the biological function of ﬁbrin sealantng was observed in the sutured group (original magniﬁcation 400); b. FibrineDexon
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sitates further investigation.
There are disadvantages speciﬁc to our study. First, our study
was performed in a rat model. A larger animal such as a dog or pig
should be used in the future studies to determine the efﬁcacy of our
method. Second, the renal function outcome was not measured in
this study.
5. Conclusion
The approach of using ﬁbrin sealant with Dexon mesh for renal
repair in a rat model of partial nephrectomy signiﬁcantly simpliﬁed
this procedure by reducing the renal reconstruction time. Acute
inﬂammation or ﬁbrotic reactions were diminished by the ﬁbrin.
Furthermore, using ﬁbrin sealant with Dexon mesh can provide
results for renal repair similar to the suturing technique.
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